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. These seismic characteristics are usually associated with low viscosity (a 'softening') in the mantle rock peridotite. On page 355, Cline et al. 2 demon strate for the first time that this softening is influenced by oxidation conditions -a result that could have major implications for our understanding of the upper mantle.
The softening of peridotite in the astheno sphere was initially thought to be caused by small amounts of melted material 3 . Such mater ial would act as a lubricant between crystals of the mineral olivine that are abun dant in peridotite (Fig. 1) . However, in the 1990s, it was shown that this effect is limited to particularly warm regions of the mantle, such as beneath the volcanoes that occur along midocean ridges, where melted material is abundant enough to form interconnected networks 4, 5 . Over the past two decades, the consensus has been that the presence of water leads to substantial softening of peridotite 6 . Experi ments that measure the deformation of olivine crystals under large strains [7] [8] [9] have shown that small amounts of water can enhance both the sliding of grain boundaries (the inter faces between crystals) and the deformation of individual crystals. However, the absence of appropriate equipment and techniques has meant that there have been no experiments to assess the an elastic behaviour of peridotite when it has a realistic water content (up to a few hundred parts per million 10 ) and is under the small strains associated with seismicwave propagation.
Cline and colleagues used a sophisticated method 11 to subject aggregates of olivine to high temperatures and pressures, and to oscil lations that mimic seismic waves known as shear waves. The authors considered aggre gates that had a range of water contents and oxidation states, similar to those expected in the asthenosphere. They discovered that the speed and attenuation of the waves were insensitive to water content, in contrast to expectations from the results of the large strain deformation experiments [7] [8] [9] . Instead, Cline et al. found that the seismic properties of their olivine aggregates were markedly dependent on oxidation state: wave speed decreased and attenuation increased with increasing oxygen fugacity (degree of oxidation). This finding could imply that the low speeds and high attenuation of seismic waves in the asthenosphere, particularly above sinking (subducting) tectonic plates, are partly caused by the highly oxidized conditions that are expected in such regions.
To explain their results, the authors suggest that ferric iron (Fe 3+ ) and associated metal ion vacancies that exist in olivine become stabilized under oxidized conditions, yielding high concentrations of crystal defects and/or a modified grainboundary structure. Such changes are expected to enhance the rate at which defects diffuse through the crystals, leading to the observed anelastic behaviour.
Because olivine is the most common mineral throughout the upper mantle, Cline and col leagues' findings could have implications for the oxygen fugacity and water content of not only the asthenosphere but also the entire upper mantle. For instance, if oxygen fugac ity were entirely responsible for the seismic attenuation, it would have to fall by a factor of about 100 between the asthenosphere and the underlying part of the upper mantle to account for the observed decrease in attenuation 1 . Such a drop is consistent with petrological data from deeper regions of the upper mantle 12, 13 . By contrast, if attenuation were attributable to water alone, water content would need to decrease by a factor of about 100 between the asthenosphere and the underlying layer, on the basis of an earlier model 6 and observations 1 , and peridotite at the base of the upper mantle would be almost completely dry. This predic tion conflicts with observations of the mantle's electrical conductivity, which is sensitive to water content. Electricalconductivity profiles
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Oxidation softens mantle rocks
Seismic waves that propagate through a layer of Earth's upper mantle are highly attenuated. Contrary to general thinking, this attenuation seems to be strongly affected by oxidation conditions, rather than by water content. See Letter p.355 2 subjected aggregates of olivine to high temperatures and pressures, and to oscillations that mimic seismic waves known as shear waves. They discovered that the speed and attenuation of the waves were insensitive to the water content of olivine, but strongly dependent on oxidation conditions -findings that could reshape our view of the upper mantle. 
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are either roughly constant or increase with depth throughout the upper mantle below the asthenosphere [14] [15] [16] , suggesting that water con tent should follow similar trends. This enigma can be solved if water is not the primary cause of seismic attenuation, as shown by Cline and colleagues.
Nevertheless, there are some issues regard ing the applicability of Cline and colleagues' results to the actual mantle. For instance, the authors artificially increased the water content of some of their olivine aggregates using a tech nique called doping, in which a trace amount of one element is substituted for another. This process introduced artificial crystal defects whose mobility might differ from the defects intrinsic to olivine -although the authors argue that these artificial defects do not affect their conclusions. The effect of oxygen fugac ity on the mobility of these different types of defect is also unknown.
Future studies on the seismic properties of olivine could avoid the need for doping by subjecting aggregates to higher pressures than those used by Cline and colleagues. For example, measurements could be made using an oscillation technique that combines a large volume press and Xray observations 17 . Future experiments should include wider ranges of oxidation conditions and olivine grain sizes than those considered by Cline et al., to con firm the dominance of oxygen fugacity over other causes of anelastic behaviour.
Although some petrological evidence suggests that oxygen fugacity in the mantle generally decreases with depth 12, 13 , it has been difficult to evaluate how such oxidation states vary laterally. The probable link between oxy gen fugacity and attenuation of seismic waves in peridotite could enable 3D mapping of oxi dation states in the deep mantle, using data obtained with an imaging technique called seismic tomography. Meanwhile, the lack of correlation between water content in mantle olivine and seismic attenuation, if confirmed by independent studies at higher pressures, might require scientists to reconsider the role of water in the softening of mantle rocks, and the distribution and circulation of water throughout the deep Earth. ■ 
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ick up any article on neuronal development in adulthood, and there is a good chance you will read that the birth of new neurons has been observed in the hippo campal region of the brain in every mammalian species examined, including humans. This idea underlies the view -wide spread among neuroscientists -that analysis of such neurogenesis in animals can benefit our understanding of learning, emotional disorders and neurodegenerative disease in humans. But Sorrells et al. 1 report on page 377 that, unlike in other mammals, the last new neurons in the human hippo campus are gener ated in childhood. These findings are certain to stir up controversy.
Today, it is common knowledge that the brain can change according to needs and demands. But it was not always so. In the 1960s, biologist Joseph Altman reported that new neurons are generated in the adult brain, specifically in a hippocampal subregion called the dentate gyrus, which is now known to be crucial for memory 2 . Further research languished, however, owing to scepticism about the brain's capacity for such dramatic plasticity. It wasn't until the 1990s, with the development of improved techniques for visualizing brain cells, that acceptance of adult neurogenesis became widespread 3 .
Although the scope and function of neuro genesis remain debatable, there has been a general consensus that the hippocampus is one region in which adult neurogenesis exists in humans as it does in animals. This is based on several studies. For example, one study in patients given a synthetic nucleoside molecule called bromodeoxyuridine (BrdU) showed that it had been incorporated into the DNA of divid ing cells in the dentate gyrus 4 . Another found that protein markers of neurogenesis in animals were present in postmortem human brain tissue 5 , and a third used radiocarbon dating to identify hippocampalneuron turn over 6 . How ever, methodological challenges make human studies difficult to interpret, and more are required to make definitive conclusions.
Sorrells et al. set out to address this need using classic immunohistochemical techniques in which specific antibodies are bound to pro teins of interest, revealing their locations in tissue. The authors used this strategy to count neural precursor cells, proliferating cells and immature neurons in samples from 59 human subjects, spanning fetal development through to old age (Fig. 1) . They found streams of all three cell types migrating from an embryonic 'germinal zone' to the developing dentate gyrus at 14 weeks of gestation. By 22 weeks, migra tion was reduced, and immature neurons were largely restricted to the dentate gyrus. And there were many fewer immature neurons at one year of life than at earlier stages. The oldest sample containing immature neurons was taken from a 13yearold individual. These findings are in stark contrast to the prevailing view that human hippocampal neurogenesis extends throughout adult life.
Is it possible to reconcile the findings with previous human data? Although direct com parisons are difficult, Sorrells et al. offer some explanations. For example, they find that DCX and PSANCAM, two proteins that reliably mark immature neurons in animals, can label mature neurons and nonneuronal glial cells in humans. Indeed, the authors show that these two markers unambiguously identify imma ture neurons only if both are expressed in a
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Questioning human neurogenesis
Neurons are born in the brain's hippocampus throughout adulthood in mammals, contributing to the region's functions in memory and mood. But a study now questions whether this phenomenon really extends to humans. See Letter p.377
